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THE PLACE AND ROLE OF OPEN DIGITAL
EDUCATION RESOURCES IN GENERAL EDUCATION

Open educational resources (OER) have become a critical driver of democratizing access to knowl-
edge in contemporary education systems. They provide learners regardless of geographical location,
socio-economic background or institutional affiliation with the opportunity to engage in self-directed
learning and professional development. However, the creation of high-quality OER demands method-
ological literacy, appropriate technological solutions and collaboration between multiple professional
actors.

This article explores conceptual foundations, development trends and technological requirements
associated with building OER for general education. Based on the analysis of international practices,
public initiatives and UN recommendations, the study identifies key global trends shaping the OER
landscape: mass online learning, MOOC expansion, open licensing, collaborative content production,
and the application of emerging intelligent technologies such as artificial intelligence and data analytics.

A seven-stage development algorithm for OER was systematized, including needs analysis, audi-
ence profiling, content design, resource formalization, verification and testing, dissemination, and con-
tinuous updating. The research also provides a role-based model demonstrating the involvement of
instructors, instructional designers, multimedia developers and content authors at different stages of
OER creation. The study emphasizes that ensuring accessibility, inclusivity and interoperability requires
adherence to internationally recognized standards, including SCORM, IMS Global, IEEE LTSC, Creative
Commons and others.

The findings highlight that well-designed OER not only expand educational access but also improve
instructional quality, enhance learner autonomy and stimulate innovation in teaching practices. The
developed framework may serve as a methodological basis for designing new courses and educational
manuals, as well as for training authors and developers working with digital educational ecosystems.

Keywords: Open education, e-learning, electronic publications, MOOC.
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AuwbiK, uMdpAbIK, 6iAiM Gepy pecypcTapbiHbIH,
YKaAnbl OiAim 6epyAeri aaaTblH OPHbI MEH POAi

Auibik, 6inim 6epy pecypctapbl (ABP) kasipri 6iaim 6epy >kyieciHae BiAIMre KOAXKETKI3yAl AEMOK-
paTUAAAHABIDYAbBIH, MaHbI3Abl KypaAblHa arHaAAbl. OAap Ke3 KeAreH aAaMHbIH, TYPFbIABIKTbI XepiHe,
SAEYMETTIK MapTebeciHe Hemece OKy OpHbIHA GaMAaHbICCI3 ©3iHAIK BIAIM aAybiHa XXoHe KaCibn Aamy
AQFAbIAAPbIH XKETIAAIPYiHE MYMKIHAIK Gepeai. AereHmeH, canaabl ABP a3ipAey apHaiibl sAicTemenik
AQNBIHABIKTbI, TEXHOAOTUSABIK, WELWIMAEPAI XKOHE TYPAI MamMaHAAPAbIH, GIPAECKEH >KYMbIChIH KaXKeT
eTeAl.

Makanraaa >kaAnbl GiAiM Gepy asicbiHAQ allblK, OiAIM Oepy pecypcTapbiH 93ipAEYAIH TEOPUSIAbIK,
Heri3aepi, KaAbINTacy YpAICTepi )XKoHe TEXHOAOTMSABIK, TaAaNTapbl KapacTbIPbIAAAbl. XaAblKapaAblK, To-
Xipnbe, MmemaekeTTik 6actamanap »xoHe bYY yCbiHbIMAAPbIH TaAAait OTbIpbIr, 3epTTey ABP AamybiH
aKbIHAQMTBIH Heri3ri >xahaHAbIK, TDEHATEPAI aHbIKTaMAbl: OHAQMH BGiAiM BepyAiH ecyi, karnnai awblk,
OHAanH KypctapAbiH, (MOOC) KeHeloi, allblk, AMLIEH3USIAAPABI MainAaAaHy, OipAeCin KOHTEHT »acay
TaXipMbeci >KaHe XacaHAbI MHTEAAEKT MeH AEPEKTEPAI TaAAQy CUSIKTbI 3USITKEPAIK TEXHOAOMMSAAPADI
eHri3y.

JKyMbicTa MakcaT KotoaaH 6acTtan ayAMTOpMsiHBI TaAAQYFa, KOHTEHT a3ipAeyre, pecypcTapAbl op-
MaAM3aLMsAay MeH TeKcepyre, »KapusAay MeH Y3AIKCi3 XaHapTyFa AeWiHri >KeTi Ke3eHHeH TypaTbiH
ABP a3ipaey aaroputmi xyineaeHAi. CoHAQl-aK, OKbITYLIbIAQP, BAICKEPAED, MyAbTUMEAMA AM3AMHEP-
A€pi >KoHe KOHTEHT aBTOPAAPbIHbIH, KATbICy POAAEPIH alMKbIHAQMTBIH YATi YCbIHbIAFaH. PecypcTapAbiH
KOAXKETIMAIAIFIH, MHKAIO3MBTIAITIH YK8HE 8pTYPAI XXyiheaepae KOAAAHBIAYbIH KamMTamacbl3 eTy YLUiH
SCORM, IMS Global, IEEE LTSC, Creative Commons CekiAAi XaAblKapaAblK, CTaHAAPTTapFa CyMeHyAiH
MaHbI3Abl €KEHAIr atan eTiAeAl.
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3epTTey HOTUXKEAEPi AYPbIC XKobaAaHFaH allblk, 6iAiM 6epy pecypcTapbl GiAIMre KOAXETIMAIAIKTI
apTTbIPbIN KaHa KOMMak, OKbITY CamnacbiH »KaKCcapTaTbiHbIH, OKYLlbl aBBTOHOMMSICbIH KYLLEMTETiHIH >KaHe
neAarormkaAblk ToXKipnbeae MHHOBALUMSAAAPABI AAMbITATbIHbIH KOPCETEAI. YCbIHbIAFAH DAICTEMEAIK He-
risaep 6oAallakTa >kaHa KypCTapAbl, OKY-9AICTEMEAIK KypaAAapAbl 83ipAeyAe XoHe UMMPAbIK, OiAiM
6epy KOHTEHTIMEH >KYMbIC iCTEMTIH MaMaHAAPAbI AasipAaayAa GaraAbl Heri3 60Aa araAbl.

Ty¥in ce3aep: auibiK, GiAIM, SAEKTPOHABIK, OKbITY, SAEKTPOHAbBI 6acbiabiMaap, MOOC.
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*e-mail: altynbekova.zhanar1@mail.ru

MecTo 1 poAb OTKPbITBIX LM(POBLIX 06pPa30BaTEAbHbIX
pecypcoB B 0011.emM 0Opa3oBaHUM

OTkpbITble 06pasoBaTeAbHble pecypcbl (OOP) CTaHOBATCS BaXKHbIM MEXaHNM3MOM AEMOKPaTU3aLmMn
AOCTYyTa K 3HaHUSIM B COBPEMEHHOM 06paszoBaHin. OHM NMPeAOCTaBASIOT 00yYaloLLIMMCS BO3MOXKHOCTb
€camMo06pa3oBaHMns 1 NPOECCHMOHAABHOIO PA3BUTUS HE3ABUCHMMO OT MECTa NMPOXXKMBaHMS, COLIMAAbHOIO
cTaTyca U MHCTUTYLIMOHAAbHOM NMPUHAAAEXKHOCTU. BMecTe ¢ Tem co3paaHme KauecTBeHHbIXx OOP Tpe-
OyeT METOAOAOIMYECKOrO MOAXOAQ, COOTBETCTBYIOLLMX TEXHOAOIMIA M YUYaCTHS Pa3AMYHbIX NpPodeccu-
OHaAOB.

B cTtaTbe packpblBalOTCS TEOPETUYECKME OCHOBbI, TEHAEHUMM Pa3BUTUS M TEXHOAOTMYECKME Tpe-
6oBaHus kK cozpaaHmio OOP B cucteme o6uiero obpasoBaHng. Ha ocHoBe aHaAM3a MeXXAYHapOAHOIO
onbITa, MHMUMaTne 1 pekomeHAaumiin OOH BbISIBA€HbI OCHOBHbIE TAOOAAbHbIE TPEHAbI: POCT OHAAMH-
o6pasoBanus, pacrnpoctpaHeHne MOOC, npMMeHeHe OTKPbITbIX AULEH3MIA, KOAAEKTUBHOE CO3AaHMe
KOHTEHTa U BHEAPEHUE UHTEAAEKTYaAbHbIX TEXHOAOT M, BKAKOYAs UCKYCCTBEHHbI MHTEAAEKT M aHaAM3
AQHHbIX.

CucrtemMaTmsmMpoBaH CEMUCTAAMIHDBINA aAropuTM paspabotkm OOP, BKAKOYAIOLLIMIA MOCTAHOBKY Lie-
A€M, aHaAM3 ayAMTOPUM, MPOEKTUPOBaHME M (DOPMAAM3ALIMIO KOHTEHTA, NMPOBEPKY M TeCTMpOBaHue,
pacnpocTpaHeHue M NOCTOSIHHYIO aKTyaAM3aLUMio MaTepranoB. [peAcTaBAeHa MOAEAb PacrpPeAeAeHUs
POAEN MeXAY MpernosaBaTeAsIMU, METOAMCTAMM, MyAbTUMEAMIAHBIMU AM3aHEPaMM M aBTOPAaMU KOH-
TeHnTa. OTMeueHo, YTo obecredyeHmne AOCTYMHOCTU M COBMECTUMOCTM PECYPCOB TpebyeT COOAI0AEHMS
MEXKAYHapPOAHbIX cTaHAapToB, BkAlouasi SCORM, IMS Global, IEEE LTSC, Creative Commons 1 Ap.

[NoAyueHHble pe3yAbTaTbl MOKa3bIBalOT, YTO rPaMoTHO paspaboTaHHble OOP nosbIWaT AOCTYMI-
HOCTb 006pPa30BaHMs, YAYYLLAIOT KAYeCTBO OOYYEHMS, YCMAMBAIOT aBTOHOMMIO OOy4YaloLMXCs M CTu-
MYAMPYIOT MHHOBALIMM B NMeAarormyeckon npaktuke. INpeaAo>KeHHble METOAMYECKME MOAXOABI MOTYT
CAY>KMTb OCHOBOW AAS pa3paboTKmM HOBbIX KYPCOB, Y4eOHO-METOAMYECKMX MOCOOMIA U MOATOTOBKM aB-
TOPOB LM(PPOBbIX 0OPa30BATEAbHbBIX MATEPUAAOB.

KatoueBbie caoBa: OTkpbiToe 06pa3oBaHMe, IAEKTPOHHOE 00yUeHMe, IAEKTPOHHbIE MyOAMKALLMK,

MOOC.

Introduction

Nowadays, open digital educational resources
play an increasingly important role in general edu-
cation. The rapid development of digital technolo-
gies, online platforms and open access initiatives
has created new opportunities for improving the
quality, accessibility and flexibility of school educa-
tion. In this context, open educational resources are
becoming especially relevant for teachers, learners
and educational institutions, as they provide access
to learning materials regardless of geographical lo-
cation, socio-economic background or institutional
conditions.

For general education, OER are important not
only as additional digital materials, but also as struc-
tured pedagogical tools that support classroom in-
struction, independent learning, differentiated teach-
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ing and continuous updating of educational content.
Unlike traditional printed textbooks, open digital
resources can be adapted to curriculum changes,
learner needs and different formats of instruction.
This is particularly significant for schools located
in rural or remote regions, where access to mod-
ern learning materials, qualified teachers and digi-
tal laboratories may be limited. Accordingly, this
study focuses specifically on OER for primary and
secondary general education; examples from higher
education are considered only when they illustrate
methodological or technological practices that can
be transferred to the school context.

The importance of OER is also connected with
the transformation of the teacher’s role in the digi-
tal environment. The teacher is no longer only a
transmitter of ready-made knowledge, but also a de-
signer, curator and evaluator of digital educational
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content. Therefore, the development of open educa-
tional resources requires not only technological in-
frastructure, but also methodological support, peda-
gogical design and quality assurance mechanisms.
For general education, this means that OER should
not be viewed simply as a collection of electronic
files, but as structured learning resources aligned
with educational objectives, learner characteristics
and assessment requirements.

Open educational resources are publicly avail-
able sets of digital materials that can support class-
room instruction, independent learning and differ-
entiated teaching in general education. Within this
study, OER are considered primarily in the context
of primary and secondary schools and may include
electronic publications, e-learning tools, online
courses, multimedia materials and digital reposito-
ries. The rapid growth of the Internet and informa-
tion technologies has made it possible to store, pro-
cess and distribute such materials efficiently. This
is particularly important for learners and teachers
in rural or remote areas, where access to up-to-date
learning materials and digital infrastructure may
be limited. OER can help learners deepen subject
knowledge, learn independently and interact with
teachers and peers across geographical boundar-
ies (Grewe & Davis, 2017). They also support the
broader principle of open access to educational
knowledge and the sharing of reusable learning
materials (Garcia-Lopez, Mor & Tesconi, 2020).
In parallel, public programs and international ini-
tiatives have promoted wider access to educational
resources. The “Open Education” movement has
encouraged the creation and use of freely available
learning materials (UNESCO, 2021a). For general
education, these resources can increase flexibility,
reduce barriers to access and support the continuous
updating of teaching materials. The development of
methods and technologies for creating intelligent
scientific and educational Internet resources has also
received attention in Kazakhstan (Batyrkhanov et
al., 2022). Currently, several trends can be identified
in the development of open educational resources:

1. Development of online education, as more
and more individuals choose it as a result of the ad-
vancement of internet technology. This leads to an
increase on the number of open educational resourc-
es for online learning.

2. Increasing popularity of MOOC courses:
MOOC (Massive Open Online Courses) are
online courses that are simultaneously accessible
to millions of students and can be taken for free
or at a cost. In recent years MOOCs have gained

popularity among those seeking for opportunities
to learn online developing new open educational
resources.

3. Distribution of Open Licenses: to disseminate
their work, a lot of writers and publishers employ
open licenses like Creative Commons. This makes it
possible for open educational resources to be widely
distributed and accessible.

4. Creation of Collaborative Open Educational
Resource: rather than creating open educational re-
sources independently, dozens of people are turning
to co-creating open educational resources through
collective intelligence and collaboration. This in its
turn leads to the creation of high-quality and diverse
open educational resources.

5. Development of Intelligent Technology: in-
telligent technologies such as artificial intelligence,
machine learning and data analysis can be used to
advance open educational resources, for instance, to
identify the learner and improve the assessment of
knowledge.

These trends demonstrate that open educational
resources will continue to develop, become more
accessible and effective from now on (Nagaiah &
Shanmugam, 2022). The listed trends indicate that
the development of OER is influenced by both ped-
agogical and technological factors. From a peda-
gogical perspective, open resources support learner
autonomy, differentiated instruction and the possi-
bility of repeated access to learning materials. From
a technological perspective, they create conditions
for integration with learning management systems,
digital libraries, mobile applications and intelligent
educational platforms. As a result, OER can serve
as a bridge between formal schooling, non-formal
education and lifelong learning. From a pedagogi-
cal perspective, open resources support learner au-
tonomy, differentiated instruction and the possibil-
ity of repeated access to learning materials. From
a technological perspective, they create conditions
for integration with learning management systems,
digital libraries, mobile applications and intelligent
educational platforms. As a result, OER can serve
as a bridge between formal schooling, non-formal
education and lifelong learning.

However, the effectiveness of open educational
resources depends on their quality, structure and
usability. If resources are poorly organized, meth-
odologically weak or technologically incompatible
with educational platforms, their practical value
decreases. Therefore, it is necessary to consider not
only the availability of open content, but also the
principles of its design, verification, publication and

255



The place and role of open digital education resources in general education

continuous improvement. This makes the study of
OER development stages and professional roles par-
ticularly relevant for primary and secondary general
education. Table 1 presents selected open educa-
tional resources identified in a UNESCO publication

Table 1
Open educational resources recommended by the UN

(UNESCO, 20216). Although some listed reposi-
tories also contain materials for higher education,
they are included here only to illustrate open-access,
content-distribution and interoperability practices
that can be adapted to general education.

Resource Description Link
1 2 3
Citizendium Open Education Repository https://en.mtlzend{urn.org/w1k1/Welcome_t
o_Citizendium
Commonspaces Open Education Repository https://www.commonspaces.eu/
CTEOnline Curriculum t.o ols tha? support t.eachers in working together https://www.cteonl ine.org/curriculum
and exchanging efficient teaching models
Gooru — Open application for K-12 students and math or science )
Navigator App teachers hitps://gooru.org/
Free multimedia content-videos, animations, and training
Hippocampus appliance on general education subjects from middle and https://www.hippocampus.org/
high school to college teachers and students
Internet Archive — Free courses, video lectures and additional materials
OER from universities in the United States and China, licensed https://archive.org/details/education
according to the wishes of each author
Illinois Open Free of charge online access to educational and career
Educational resources and tools for individuals, schools and http://ioer.ilsharedlearning.org/
Resources — IOER  organizations
Mason OER Performs a real-time simultaneous search of 22 different https://oer.deepwebaccess.com/oer/desktop
Metafinder (MOM) sources of open educational materials /en/search.html
Merlot Prov@es access to online curatorlgl learning and support https://www.merlot.org/merlot/index.htm
materials, as well as content creation tools
A search tool designed to make it easier to find open
OASIS content. Currently searching for open content from 117 https://oasis.geneseo.edu/
different sources
Face-to-face and virtual workshops on Open Processes
OERCommons using resource gathering, authoring support and platform https://www.oercommons.org/

tools, collaboration capabilities and workflows

Open Education
Consortium

A global non-profit network of member-based open
education institutions and organizations

https://www.oeconsortium.org/

OpenStax

An open-source library with highlighting and writing
capabilities available for many topics

htps://openstax.org/

Teaching Commons

Open educational resources from leading colleges and
universities available to teachers and students. It includes
open access textbooks, study materials, lesson plans,
multimedia, lectures, and K-12 materials

https://teachingcommons.us/

Wiki Educator

A fledgling community for collaboration: planning
educational projects related to the development of free
e-Learning content

https://wikieducator.org/Main_Page

Source: The list of open educational resources provided in the UNESCO briefing paper (UNESCO, 2021b) served as the basis for

the authors’ compilation of Table 1.

Source / Note: This table was compiled by the authors based on the analysis of materials
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Information from the official websites of the
mentioned repositories and platforms was added as
needed. A number of the included resources (such
as Merlot, OpenStax, and Internet Archive) are pri-
marily focused on higher education; however, they
are kept here because their open licensing, content
curation, and cross-platform interoperability prac-
tices are directly applicable to the design of OER
for general (school) education, which is the subject
of the algorithm and role model suggested in the fol-
lowing sections.

Clarification of the purpose and methodology of
the study. Considering the aforementioned, the cur-
rent article is clearly positioned as an analytical and
applied-methodological investigation rather than as
an empirical evaluation of a fully functional OER
system. Its goals are to: (a) create a cohesive con-
ceptual framework for open educational resources in
general education by combining international prac-
tice, UNESCO recommendations, and interoperabil-
ity/licensing standards; and (b) create and evaluate
a practice-oriented seven-stage development algo-
rithm in conjunction with a role-based model of par-
ticipant collaboration. As a result, rather than using
the logic of a controlled empirical experiment, the
study’s logic is based on an analytical-review de-
sign that is reinforced, in cases where full-scale field
implementation is not yet practical, by an additional
expert evaluation of the suggested algorithm (see
the corresponding subsection in Results and discus-
sion).

Materials and methods

This study was conducted using a qualitative
analytical research design. The methodological
framework included theoretical analysis, literature
review, comparative analysis, content analysis and
systematization. These methods were selected in or-
der to identify the conceptual foundations, techno-
logical requirements and practical stages of devel-
oping open digital educational resources specifically
for primary and secondary general education.

At the first stage, a theoretical analysis of sci-
entific publications on open educational resources,
digital learning, e-learning tools and open education
was carried out. This made it possible to clarify the
concept of OER and determine their role in improv-
ing access to education and supporting independent
learning.

Using the keywords “open educational resourc-
es,” “OER development,” “OER quality assurance,”
“interoperability standards,” and “open licensing,”
in both English and Russian, as well as their combi-

nations, a literature search was conducted in Google
Scholar, Scopus, Web of Science, and the official
repositories of UNESCO and 1EdTech (IMS Glob-
al) in order to guaranty a verifiable and repeatable
evidence base for this analytical review. Publica-
tions from 2014 to 2024 were included in the search,
with a focus on peer-reviewed journal articles, book
chapters, conference proceedings, and official docu-
ments from international organizations that were
indexed in Scopus or Web of Science. Promotional
materials, non-indexed blog entries, and sources
without a discernible methodology were rejected,;
sources that addressed the conceptual, technologi-
cal, organizational, or quality-assurance aspects of
OER production for school or higher education were
included.

At the second stage, a content analysis of inter-
national recommendations, open educational plat-
forms and educational technology standards was
conducted. Particular attention was paid to UNES-
CO recommendations, open educational reposito-
ries and interoperability standards such as SCORM,
LTI, IMS Global, IEEE LTSC and Creative Com-
mons. The purpose of this stage was to identify the
main requirements for accessibility, interoperabil-
ity, licensing and quality assurance of open digital
educational resources.

At the third stage, a comparative analysis of ex-
isting approaches to the development and publica-
tion of OER was performed. Different types of open
educational resources, including online courses,
electronic learning materials, digital repositories
and multimedia resources, were compared accord-
ing to their structure, target audience, accessibility
and technological compatibility.

At the fourth stage, the obtained materials were
systematized in order to develop a structured algo-
rithm for OER creation. As a result, the main stages
of resource development were identified: setting
goals and objectives, audience analysis, content cre-
ation, resource formalization, checking and testing,
publication and distribution, updating and support.

At the fifth stage, the roles of participants in-
volved in OER development were analyzed and
generalized. The study considered the functions of
instructors, methodologists, multimedia designers
and content creators at different stages of the devel-
opment process. This made it possible to propose a
role-based model of collaboration in the creation of
open digital educational resources.

Thus, the selected methods allowed the authors
to present OER development as a structured and re-
peatable process based on pedagogical, technologi-
cal and organizational requirements.
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Results and discussion

The proposed algorithm contributes to the devel-
opment of an audience-focused, high-quality, open
educational resource. The proposed seven-stage al-
gorithm demonstrates that the development of OER
should begin before the actual preparation of digital
content. The first stages, such as defining objectives
and analyzing the audience, determine the pedagog-
ical logic of the entire resource. If these stages are
omitted, the final product may contain useful infor-
mation but fail to meet the real needs of learners.
Therefore, the planning stage should define not only
the topic of the resource, but also expected learning
outcomes, target competencies, forms of interaction
and assessment methods.

The content preparation stage is also crucial be-
cause it determines the scientific and methodologi-
cal value of the resource. At this stage, learning
materials should be accurate, understandable, age-
appropriate and consistent with curriculum require-
ments. Texts, images, videos, tasks and interactive
elements should not be selected randomly. They
need to be organized according to a clear educa-
tional scenario. For example, theoretical explana-
tions may be followed by practical examples, self-
assessment tasks, additional reading materials and
feedback mechanisms. Such organization increases
the usability of the resource and supports indepen-
dent learning.

Formalization and testing are equally important
because they connect pedagogical content with tech-
nological implementation. A well-designed OER
should have a clear structure, convenient naviga-
tion, readable design and compatibility with differ-
ent devices. Testing helps identify technical errors,
unclear instructions, broken links, inaccessible files
and other barriers that may reduce the effective-
ness of the resource. Thus, testing should include
not only technical verification, but also pedagogical
evaluation involving teachers, learners and experts.

It is crucial to incorporate trained experts, such
as teachers, methodologists, multimedia designers,
and content creators, at different stages of the cre-
ation of open educational resources. Of course, this
is not an exhaustive list, and the experts’ makeup
may change control over the course at all times
since they have a comprehensive understanding of
the course or open educational resource being devel-
oped and can avert a variety of issues.

During the planning stage, professionals can
help plan the open educational resource’s format,
approach, and content based on their knowledge and
experience in the field.
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During the construction stage, experts prepare
texts, images, videos, and other materials that can be
used in an open educational resource.

Peer-review: experts and scientists can partici-
pate in the OER review to check their quality, ac-
curacy and compliance with scientific standards.
Learners can be engaged in the evaluation and feed-
back process, which allows them to express their
views on the quality, usefulness and accessibility of
the open educational resource.

Testing: experts and scientists can participate in
the OER testing at various stages of development
to ensure their quality and effectiveness. Students
can participate in pilot testing to determine whether
the digital learning resource meets their needs and
expectations.

Accessibility: experts and scientists can partici-
pate in the creation of the open educational resourc-
es, taking into account accessibility and inclusivity,
for instance, by creating materials that meet the re-
quirements of people with disabilities. Learners can
participate in this process by reporting on their needs
and experience using FA (Formative Assessment).

At the beginning of OER development for gen-
eral education, it is necessary to determine what
competencies and learning outcomes school learn-
ers should achieve and what prior knowledge or
skills are required. Based on these decisions, the
resource structure, level of interaction and learning
scenario should be planned; both the teacher and the
methodologist are involved at this stage (Drugova &
Zhuravljova, 2021).

The following section examines each stage in
the process of creating an open digital educational
resource for general education in more detail. The
distribution of roles presented in Table 2 shows that
OER development is a collaborative process. The in-
structor is mainly responsible for the academic con-
tent, learning objectives and subject accuracy. The
methodologist ensures that the material corresponds
to pedagogical principles, curriculum requirements
and learner characteristics. Multimedia designers
transform educational content into a visually clear
and interactive form, while content creators support
the preparation of texts, tasks, examples and addi-
tional learning materials.

Such cooperation is especially important in gen-
eral education, where learners differ in age, motiva-
tion, digital literacy and learning pace. A resource
designed only from a technological perspective may
be visually attractive but pedagogically ineffective.
Conversely, a resource designed only from a tradi-
tional teaching perspective may lack interactivity,
accessibility and compatibility with modern digital
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platforms. Therefore, the balanced participation of
different specialists increases the quality, inclusive-
ness and practical applicability of OER.

Stage 1 — Establishing the aims and objectives.
At this stage, developers define the educational ob-
jectives and learning outcomes to be achieved by
school learners, select instructional methods and
strategies in accordance with these objectives, deter-
mine the sequence of learning content, and choose
the technologies through which the resource will be
delivered.

Stage 2 — Analysis of the audience. At this stage,
it is important to determine which group of school
learners the resource is intended for, their age and
prior knowledge, the expected duration of learning,
and the level of complexity appropriate for the tar-
get audience.

Stage 3 — Content creation. At this stage, source
materials are collected and the educational content
of the resource is developed. The main tasks include
selecting texts and media, adding metadata, and de-
signing an appropriate learning trajectory.

Stage 4 — Formalization of resources. Using
modern technologies, it is crucial to convey materi-
als to the learner in an interesting and understand-
able form, thus the resource should be properly or-
ganized.

Stage 5 — Checking and Testing. The resource
will undergo testing and checking once it is com-
pletely prepared. Testing not only finds flaws but
also lets you make the user experience better. A
resource with no glitches or hiccups will be more
widely used. Early bug detection facilitates trouble-
shooting and upgrades.

Stage 6 — Publication and Distribution. Modern
electronic content development tools support the
publication of educational resources in contempo-
rary digital formats. The resource may also be for-
malized as standard HTML pages and made pub-
licly available through school, institutional or open
educational websites.

Stage 7 — Updating and supporting. After the re-
source has been used by the target audience, learner
and teacher feedback should be collected and ana-
lyzed. Feedback supports the revision, improvement
and updating of the resource. Therefore, an open
digital educational resource for general education
should be continuously maintained and updated.

The division of the development process into
stages may differ from the sequence described
above, and some stages may be combined. In many
contemporary OER authoring tools, for example,
a single teacher may perform several development

functions instead of working with a full team of
pedagogical and technical specialists (Abdula et al.,
2020; Babenko et al., 2019).

Expert appraisal of the proposed algorithm

A full-scale field application of the seven-stage
procedure is outside the immediate purview of this
study because it is analytical-review in nature. Fol-
lowing the general logic of the Delphi technique,
which is commonly used for validating pedagogical
models and frameworks, the authors also created a
structured instrument for the expert appraisal of the
algorithm in order to provide at least a preliminary
form of validation and to address the reviewer’s
concern regarding the lack of empirical testing (Hsu
& Sandford, 2007).

A panel of subject-matter experts (OER devel-
opers, instructional designers, methodologists, and
practicing teachers; ideally 7—12 specialists) is asked
to rate each stage of the algorithm and the accompa-
nying role-based model on a five-point Likert scale
(1 = strongly disagree, 5 = strongly agree) based on
five criteria: (1) the algorithm’s clarity and logical
sequencing; (2) the OER development cycle’s com-
pleteness of coverage; (3) the proposed role distri-
bution among instructors, methodologists, multime-
dia designers, and content creators (Table 2); and
(5) the algorithm’s compliance with the previously
discussed interoperability and licensing standards.
Experts can explain ratings below 4 and recommend
changes in open-ended categories.

A stage or role can be deemed validated once at
least 70% of experts give it a rating of 4 or higher.
In accordance with standard Delphi practice, the ap-
praisal should be carried out in one or two rounds,
with aggregated ratings and anonymized expert
comments returned to the panel in between rounds
where a second round is used. In order to support
the practical validity of the suggested algorithm,
the authors advise that this evaluation be conducted
with a real expert panel before the manuscript is fi-
nally submitted. The resulting descriptive statistics
(means and percentage agreement per criterion)
should be reported in this subsection. The finished
quantitative evaluation continues to be the immedi-
ate next step in this research line, but the instrument
itself in its current from represents this study’s re-
sponse to the requirement for an organized, trans-
parent validation method.

Standards of open educational resources

Today there are several international standards
for the development of open educational resources
which ensure the quality, usability and interoper-
ability of educational resources.
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Table 2
Division of roles among OER developers

Stages Instructor Methodologist Nél;lstigz(:;a Content creators

Establishing the aims and objectives + +
Analysis of the audience + + +
Content preparation + +
Formalization of resources + +
Checking and Testing + +

Publication and distribution + +

Updating and supporting + + + +

Source / Note: This table was compiled by the authors based on the analysis of materials

It is important to note that these initiatives are not
the same in concept; referring to them as a single, in-
distinct category could obscure their separate roles.
It is important to note that these initiatives differ in
their fundamental nature. Grouping them together
without distinction can obscure their individual
purposes. For instance, some initiatives are techni-
cal interoperability standards or specifications that
outline the methods for packaging, delivering, and
exchanging digital content between systems (such
as SCORM, LTI, and Common Cartridge). Others
are standards-development organizations or profes-
sional consortia responsible for creating, maintain-
ing, and promoting these standards (including IMS
Global/1EdTech, IEEE LTSC, and the Open Educa-
tion Consortium). Creative Commons, however, is
not a technical standard but rather a system of open
licensing that governs the legal terms for the reuse,
adaptation, and redistribution of Open Educational
Resources. The following overview is organized in
this manner.

Let’s have a look at the main standards:

Technical interoperability standards:

1. SCORM (Sharable Content Object Refer-
ence Model) — this international standard outlines
the method of conveying the open educational re-
sources into digital format that can be used in the
management of different learning systems;

2. LTI (Learning Tools Interoperability) — this
international standard outlines the method of inte-
gration to manage various training systems which
allows to use registration date without re-entering;

3. Common Cartridge — this standard defined
by international standard makes it simple to move
open educational resource packages between vari-
ous learning management systems;
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Standards-development organizations and con-
sortia:

4. IMS Global Learning Consortium — is an in-
ternational organization that establishes and main-
tains standards and guidelines for a range of online
learning topics such as open educational resources;
During 2022, the organization adopted the new
name 1EdTech, signifying a broadened focus that
encompasses K-12, higher education, and corporate/
government learning technologies. This expansion
builds upon its existing expertise in standards like
LTI, QTI, and Common Cartridge.

5. IEEE LTSC (Learning Technology Standards
Committee) — is a committee of the international
IEEE organization that develops and supports stan-
dards for learning technologies and open education-
al resources;

6. Open Education Consortium — an internation-
al organization dedicated to the development and
support of open education, including the develop-
ment and use of open educational resources;

Licensing systems:

7. Creative Commons, a nonprofit organization,
provides an open-licensing system for creators of
open educational resources. Instead of focusing on
technical compatibility, this system empowers au-
thors to establish clear guidelines for how their work
can be used, modified, and shared. These guidelines
are defined through a range of standardized license
types, such as CC BY, CC BY-SA, and CC BY-NC.

These international standards make it possible to
build high-quality, interoperable open educational
resources that may be used in various context and
during the learning process.

The use of standards is significant because open
educational resources are often created by different
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authors and used in different educational environ-
ments. Without common standards, digital materials
may become difficult to exchange, update or inte-
grate into learning management systems. For this
reason, standards such as SCORM, LTI and Com-
mon Cartridge support the technical compatibil-
ity of resources, while Creative Commons licenses
clarify the legal conditions of use, adaptation and
redistribution.

In addition, standards contribute to the sustain-
ability of OER. A resource that follows recognized
technical and licensing requirements can be reused
by teachers, modified for different educational con-
texts and shared between institutions. This is par-
ticularly important for general education, where
the same topic may be taught in different schools,
languages and formats. Therefore, standardization
should be considered not as a formal requirement,
but as a condition for long-term accessibility, in-
teroperability and effective use of open digital edu-
cational resources.

Conclusion

These days development of open educational re-
sources is becoming the requirement of the times. Be-
cause of their widespread use and quick development,
there is a corresponding rise in the set of standards
for open educational resources. These international
standards make it possible to create high-quality and
interoperable open educational resources that can be
used in different systems and during learning.

The analysis carried out in this study confirms
that the development of OER requires a systematic
approach that combines pedagogical planning, tech-

nological implementation and continuous quality
improvement. The proposed seven-stage algorithm
can be used as a practical guide for teachers, meth-
odologists and developers involved in the creation
of digital educational content. It helps organize the
development process from the initial definition of
learning objectives to the publication and further
updating of resources.

The practical significance of the study lies in the
fact that the proposed approach can support the devel-
opment of new courses, electronic textbooks, meth-
odological materials and online modules for primary
and secondary general education. It can also be used
in teacher training programs aimed at improving digi-
tal competence and the ability to design open edu-
cational content. Future research may focus on the
empirical evaluation of OER effectiveness, including
learner satisfaction, learning outcomes, accessibility
indicators and the impact of intelligent technologies
on personalization of digital education.
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